Background: Blunted diurnal cortisol variation has been associated with overt cardiovascular disease in adults. The relationship between the diurnal cortisol variation and subclinical atherosclerosis in youth has yet to be investigated. The objectives of this study were to (1) determine the relationship between overnight cortisol measures and CIMT in overweight and obese, African-American and Latino children; (2) assess ethnic differences in these relationships; and (3) explore whether overnight cortisol and CIMT relationships were independent of inflammatory markers, C-reactive protein (CRP), interleukin-6 (IL-6) and tumor necrosis factor-/ (TNF-/). Methods: One hundred fifty-six overweight and obese African-American and Latino children (ages 8-17, 86 M/70 F, 55 African-American/101 Latino) underwent measures of CIMT by B-mode ultrasound, nocturnal cortisol rise (NCR = salivary cortisol rise from 2200 h to awakening at 0530 h), cortisol awakening response (CAR = salivary cortisol from time of awakening to 30 min later), fasting serum cortisol and overnight urinary free cortisol. Results: Using linear regression, salivary cortisol 0530 h and NCR were negatively associated with CIMT (b standardized = À0.215 and À0.220, p < 0.01) independent of age, height, percent body fat, ethnicity and systolic blood pressure. Nocturnal salivary cortisol 2200 h , morning serum cortisol, and overnight urinary free cortisol were not associated with CIMT. Using ANCOVA, participants with LOW NCR (NCR < 0.44 mg/dL, n = 52) had significantly greater CIMT than those with HIGH NCR (NCR ! 0.91 mg/dL, n = 52; 0.632 AE 0.008 vs. 0.603 AE 0.008 mm, p = 0.01) after controlling
Introduction
Chronic psychosocial stress results in activation of the hypothalamic-pituitary-adrenal (HPA) axis and dysregulation of cortisol levels, and is associated with increased risk of atherosclerosis and coronary heart disease (Brotman et al., 2007; Troxel et al., 2003) . However, the reported relationships between diurnal cortisol patterns and cardiovascular disease remain inconsistent (Dekker et al., 2008; Kumari et al., 2011; Vogelzangs et al., 2010) . Circulating and salivary levels of cortisol are characterized by a diurnal pattern in which the cortisol concentration is at its highest in the morning, then gradually decreases from that point to its nadir in the late evening, and then rises again through the night. Rosmond and Bjorntorp (2000) suggested that a blunted diurnal cortisol pattern may serve as an indicator of ''HPA exhaustion.'' Moreover, they were the first to suggest that an ''exhausted HPA axis'' may lead to accelerated atherogenesis and cardiovascular disorders (Rosmond and Bjorntorp, 2000) . Recent support for their hypothesis has shown that a blunted diurnal cortisol variation was associated with coronary calcification Matthews et al., 2006) and with all-cause cardiovascular mortality in older Caucasian adults (Kumari et al., 2011) . The relationship between diurnal cortisol patterns and sub-clinical atherosclerosis has not been explored in any population of children.
Subclinical atherosclerosis has been shown to manifest in overweight children with cardiometabolic abnormalities. Carotid artery intima-media thickness (CIMT) is a noninvasive measure of early subclinical atherosclerosis that predicts cardiovascular disease (CVD) and has been shown to be elevated in overweight children and adolescents with metabolic abnormalities (Reinehr and Wunsch, 2011) . Our laboratory has reported that overweight Latino youth with persistent high blood pressure and/or metabolic syndrome have higher CIMTwhen compared to their healthy overweight counterparts (Toledo-Corral et al., 2009 ). These reports indicate that cardiometabolic risk begins early in life and further study is warranted in pediatric cohorts.
Atherosclerosis is well known as an inflammatory disease. Cytokines, such as C-reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-a), have strong relationships to CIMT (Kablak-Ziembicka et al., 2011; Scuteri et al., 2011) . Inflammatory processes have also been linked to the activation of the HPA axis (Turnbull and Rivier, 1999) . Recently, a report from the multi-ethnic study of atherosclerosis showed that individuals with a flattened diurnal cortisol pattern had higher levels of IL-6 when compared to those with a non-flattened diurnal cortisol response (Desantis et al., 2012) . Effectively, some investigators have suggested that an inflammatory mediating process is a plausible link between a disrupted HPA response and cardiovascular conditions, such as atherosclerosis (Nijm and Jonasson, 2009; Nijm et al., 2007) .
Based on the literature in adults and on our studies of subclinical atherosclerosis in Latino youth, the overall aim of this study was to assess the relationship between overnight HPA axis activity and subclinical atherosclerosis in overweight minority children. The specific objectives of this study were to (1) determine the relationship between overnight cortisol measures and CIMT in overweight and obese, AfricanAmerican and Latino children; (2) assess ethnic differences in these relationships; and (3) explore whether overnight cortisol and CIMT relationships are independent of inflammatory markers C-reactive protein (CRP), interleukin-6 (IL-6) and tumor necrosis factor-/ (TNF-/).
Methods
One hundred fifty-six overweight, but otherwise healthy, African-American and Latino boys and girls participated in the Diabetes Risk due to Ectopic Adiposity in Minority Youth (DREAM) study. Participants were recruited from the greater Los Angeles County through community health clinics, health fairs, and word of mouth and were required to meet the following inclusion criteria at baseline: (1) either AfricanAmerican or Latino ethnicity (all four grandparents of African-American or Latino descent); (2) age 8-17 years; (3) BMI ! 85th percentile based on the age-and gender-based standards of the Centers for Disease Control and Prevention. Children were excluded if they had a previous major illness including Type 1 or 2 diabetes, took medications, or had any underlying condition known to influence body composition, insulin action, or insulin secretion (such as steroids or hypothyroidism). Participants and their parents provided written informed consent and assent. An additional 4 participants were diagnosed with type 2 diabetes at entry to the study and were excluded from this analysis. The Institutional Review Board of the University of Southern California (USC)-Health Sciences Campus reviewed and approved the DREAM study. The main outcome methods, analyses, and results have been reported elsewhere (Toledo-Corral et al., 2013) .
All participants attended two visits at the Clinical Trials Unit (CTU) at the USC University Hospital. On the first visit, for covariates. Ethnicity was independently associated with CIMT, whereby African-American children had greater CIMT than Latino children (À0.028 AE 0.009, p = 0.006). The relationships between cortisol measures and CIMT did not differ between the two ethnic groups (all p interaction = 0.28-0.97). CRP, IL-6 and TNF-/ were not associated with CIMT ( p > 0.05). IL-6 was inversely related to NCR (r = À0.186, p = 0.03), but it did not explain the relationship between NCR and CIMT. Conclusions: Salivary cortisol 0530 h and NCR, but not CAR, nocturnal salivary cortisol 2200 h , morning serum cortisol or overnight urinary free cortisol were associated with CIMT, independent of relevant covariates, including inflammatory factors. A low awakening salivary cortisol or a blunted NCR may be related to increased atherosclerosis risk in overweight and obese minority youth. These findings support adult studies suggesting flattened daytime diurnal cortisol variation impacts cardiovascular disease risk. # 2013 Elsevier Ltd. All rights reserved.
participants received a comprehensive medical history and physical examination by a licensed health care provider, including assessment of pubertal stage based on Tanner breast stage in girls and Tanner pubic hair stage in boys Tanner, 1969, 1970) . Clinical staff collected vital signs, blood pressure in triplicate and performed a 2-h oral glucose tolerance test (OGTT). Blood was sampled for glucose and insulin during the fasting state, 5 min prior to ingesting oral glucose solution (1.75 g of glucose/kg of body weight up to maximum of 75 g), and then sampled again 120 min after ingestion of glucose solution. Body composition measures were performed following the OGTT and included a waist circumference measurement and total body composition by dual-energy x-ray absorptiometry using a Hologic QDR 4500W (Hologic, Bedford, MA).
CIMT was determined at the University of Southern California Atherosclerosis Research Unit Core Imaging and Reading Center as previously described (Selzer et al., 1994 (Selzer et al., , 2001 . High-resolution B-mode ultrasound images were obtained over two successive cardiac cycles using a Siemens Acuson CV70 (13-MHz linear array; Siemens Medical Solutions Inc., Mountain View, CA) imager. CIMT was measured from 70-100 computer-processed images taken along a 1-cm segment of the right distal common carotid artery, approximately 1-2 cm from the bifurcation into external and internal carotids. The same sonographer and reader performed all CIMT measures, and she was blinded to all participant information.
Within approximately 2 months (median: 24 days) following the outpatient visit, participants were admitted as inpatients for their second visit at the USC CTU in the late afternoon. Participants were served dinner and a snack before 2000 h, which marked the beginning of an overnight fast. Urine was collected from 2000 h to 0600 h the following day to determine overnight urinary free cortisol. To establish overnight salivary cortisol patterns, saliva was collected at bedtime $2200 h and again the following morning when subjects were awakened at 0530 h by CTU nursing staff to collect saliva samples at 0530, 0545, and 0600 h. Samples were obtained using the Salivette system (Sarstedt, Newton, NC), which involved placing a cotton swab in the mouth for 2 min to passively absorb saliva at each designated time point. Saliva samples were processed immediately by centrifuging at 2500 rpm for 10 min and then frozen at À70 8C until assayed. Measures of HPA activity included 2 traditional measures (urinary free cortisol and serum cortisol), as well as measures of diurnal patterns of salivary cortisol (Chida and Steptoe, 2009; Clow et al., 2004; Cochrane and Friesen, 1986) . The nocturnal cortisol rise (NCR) was calculated as the increase from salivary cortisol 2200 h to salivary cortisol 0530 h , while the cortisol awakening response (CAR) was calculated as the difference between salivary cortisol 0530 h and salivary cortisol 0600 h . Our overnight protocol did not allow for multiple daytime cortisol collections to determine daytime cortisol slope, the more typical measure used by most neuroendocrine researchers (Edwards et al., 2001; Viardot et al., 2005) , but it did offer the distinct advantage of a controlled setting for consistency of sampling. Fasting blood was drawn at $0900 h to assess morning serum cortisol and lipids, followed immediately by an insulin-modified, frequently sampled intravenous glucose tolerance test (Adam et al., 2010) .
Assays
Glucose was assayed using a Yellow Springs Instruments analyzer (YSI Inc., Yellow Springs, OH) that uses a membrane bound glucose oxidase technique. Lipids were assessed using Vitros Chemistry DT Slides (Johnson and Johnson Clinical Diagnostics, Inc., Rochester, NY). Insulin, salivary cortisol and serum cortisol were assayed using an automated enzyme immunoassay (Tosoh AIA 600 II analyzer, Tosoh Bioscience, Inc., South San Francisco, CA). The cortisol assay sensitivity was 0.02 mg/dL, inter-assay CV 11.2% and intra-assay CV 8.2%. In assay validation studies, we found that salivary cortisol levels from the Tosoh assay correlated strongly with simultaneously drawn total serum cortisol levels (r = 0.78, p < 0.001). Assay of the same salivary samples by both the Tosoh assay and a commercial assay kit frequently used in salivary cortisol research (Salimetrics, State College, PA) showed very high correlations between both individual salivary cortisol samples (r = 0.92, p < 0.001) and calculated CAR values (r = 0.89, p < 0.001), although absolute levels of salivary cortisol in the Tosoh assay were 2.78 AE 0.24 (b AE SE) times higher than those obtained using the Salimetric kit (likely due to differences between the assays in antibody avidity, matrix, or other proprietary differences). Urinary free cortisol was assayed by Coat-A-Count RIA (Diagnostic Products, Los Angeles, CA) with correction of the total overnight urinary free cortisol (mg/total volume) for body surface area (m 2 ) (Gomez et al., 1991) . Serum blood samples from the fasting blood draw were assayed in duplicate for CRP using an ELISA kit (Chemicon International Inc.) with an inter-assay coefficient of 6.0%. Serum was also assayed in duplicate for interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-a) using ELISA immunoassays (Quantikine, R&D Systems, Minneapolis, MN, USA); inter-assay and intra-assay coefficients for IL-6 were 7.8% and 7.4%; inter-assay and intra-assay coefficients for TNF-a were 8.4% and 5.8%).
Statistical analysis
Tests of normality (histograms, Q-Q plots, and Shapiro Wilkestest) were used to assess the distribution of the variables, and non-normally distributed variables (CRP, IL-6 and TNF-a) were log transformed for analyses. CIMT was normally distributed after exclusion of one participant, who had a CIMTof 0.89 mm, who was deemed an extreme outlier (3.5 standard deviations above the mean). For descriptive purposes, independent ttests and chi-square tests were used to determine mean physical and metabolic characteristics by ethnicity.
A priori covariates included age, height, and total percent body fat, as they are well-established predictors of CIMT in children. To determine additional covariates, Pearson correlations were used to test the relationship between other known traditional correlates of CIMT in adults, including ethnicity, LDL-cholesterol, fasting glucose, fasting insulin, and systolic blood pressure. Of these, only ethnicity and systolic blood pressure were significantly associated with CIMT ( p < 0.05), and they were therefore included as covariates to any adjusted statistical models. Other potential predictors of CIMT, such as physical activity using acclerometry and history of smoking, were not assessed in this study.
Multivariate linear regression analysis was used for six separate models to determine the relationship between the dependent variable, CIMT, and each cortisol measure as the independent variable (salivary cortisol 2200 h , salivary cortisol 0530 h , NCR, CAR, morning serum cortisol and overnight urinary free cortisol), while accounting for confounders of age, height, total percent body fat, ethnicity, and systolic blood pressure. Regression analysis also provided the amount of variation that each covariate and independent variable contributed to CIMT. When testing interactions, we added the appropriate interaction term to each linear regression model. For example, to test the interactive effects of NCR and ethnicity on CIMT, we added the term, NCR Â ethnicity, to Model 3. Standardized b coefficients (based on changes in standard deviation) were reported to allow for direct comparisons between independent variables and their influence on the dependent variable, CIMT. For interpretative purposes, for every one standard deviation change of the independent variable, the change of CIMT is the product of one standard deviation change of CIMT and the standardized b coefficient.
To graphically illustrate the differences in CIMT based on NCR patterns, the sample was divided into a LOW NCR group (lowest tertile of NCR; <0.45 mg/dL, n = 52), a MIDDLE NCR group (middle tertile of NCR; 0.45-0.91 mg/dL, n = 52), and a HIGH NCR group (highest tertile of NCR; >0.92 mg/dL, n = 52, Fig. 1 ). To further illustrate the effects of NCR on CIMT, we used an ANCOVA to show the difference in CIMT, the dependent variable, by the three NCR groups (data shown in Fig. 2) , adjusting for age, height, total percent body fat, ethnicity, and systolic blood pressure.
To explore the contribution of inflammation to the relationship between cortisol measures and CIMT, we first examined the unadjusted bivariate correlations between CRP, IL-6 and TNF-a with CIMT and with cortisol. Where relevant, inflammatory markers were added as covariates to the linear regression models described above (i.e. Models 2 and 3), interactive effects of inflammation and cortisol on CIMT were also examined. Data were analyzed using SPSS for Mac version 18.0 (IBM Inc., Chicago, IL) with an a priori significance level of p < 0.05.
Results
The participants' physical and metabolic characteristics are given in Table 1 . There were slightly more males than females (86 vs. 70), and the group was composed of more Latinos than African-Americans (101 vs. 55). No significant differences were observed between the two ethnic groups in body composition (height, weight, BMI, BMI percentile, total percent fat) and blood pressure. Compared to African-Americans, Latinos had higher morning serum cortisol (11.5 AE 3.9 vs. 9.6 AE 3.1 mg/dL, p = 0.003) and lower CAR (0.68 AE 0.52 vs. 0.97 AE 0.65 mg/dL, p = 0.008). There were no significant ethnic differences in NCR, the individual salivary cortisol 2200 h , salivary cortisol 0530 h , or urinary free cortisol ( p = 0.14-0.39). The African-American group had 5% higher CIMT than the Latino group (0.644 AE 0.001 vs. 0.615 AE 0.001 mm; p < 0.001).
Results of linear regression modeling to determine the relationship between cortisol measures and CIMT are shown in Table 2 . CIMT was significantly predicted by salivary cortisol 0530 h (Model 2) and NCR (Model 3), but not by salivary cortisol 2200 h (Model 1) or CAR (Model 4). In Model 3, this would be interpreted that for every 1 standard deviation decrease of NCR (0.527 mg/dL), CIMT increased by 0.013 mm. NCR and salivary cortisol 0530 h each accounted for $4.5% of the variance in CIMT in their respective models, beyond the 10% variance accounted for by the other covariates of age, height, total percent body fat, ethnicity, and systolic blood pressure. Neither morning serum cortisol nor urinary free cortisol predicted CIMT (data not shown, p = 0.59 and 0.76). Ethnicity was a significant predictor of CIMT in all models, accounting for 5.3-5.7% of the variance in CIMT, with African Americans having higher CIMT than Latinos ( p < 0.01 for all models). However, ethnicity had no effect on the relationships between any of the cortisol measures and CIMT, indicating that the relationship between cortisol predictors of CIMT was the same in both African-American and Latino participants ( p interaction = 0.28-0.97). Fig. 2 demonstrates that when compared to the HIGH NCR group, the LOW NCR group had significantly higher CIMT (0.633 AE 0.008 vs. 0.602 AE 0.008 mm, p = 0.007) after adjusting for age, height, total percent body fat, ethnicity, and systolic blood pressure. Likewise, the MIDDLE NCR group had significantly higher CIMTwhen compared to the HIGH NCR group (0.627 AE 0.008 vs. 0.602 AE 0.008 mm, p = 0.02) after adjusting for covariates. The overall model had a significant negative trend ( p = 0.014). There were no significant relationships between CIMT and any of the inflammatory markers (all p > 0.05). Bivariate correlations revealed that only salivary cortisol 0530 h and NCR had a relationship with IL-6 ( p < 0.05) where a lower salivary cortisol 0530 h and NCR was associated with higher IL-6. None of the other cortisol measures were significantly related to IL-6, CRP, or TNFa ( p > 0.05). When we added IL-6 to our linear regression models 2 and 3, our results remained significant whereby both salivary cortisol 0530 h and NCR remained significant predictors of CIMT (Model 2: b standardized = À0.19, p = 0.017 and Model 3: b standardized = À0.202, p = 0.014, respectively). Additionally, the interactive effects of NCR and IL-6 with CIMT were not significant ( p interaction = 0.67). The interactions of CRP and TNF-a with NCR were also not significant predictors of CIMT (CRP: p interaction = 0.19 and TNF-a: p interaction = 0.83).
Discussion
The primary aim of this study was to examine the relationship between overnight salivary cortisol patterns and CIMT in overweight African-American and Latino children. We found that NCR was negatively associated with CIMT independent of age, height, percent body fat, ethnicity, and systolic blood pressure. As a secondary finding, ethnicity was also an independent predictor of CIMT, whereby African-American children had significantly higher CIMT than Latino children. However, there were no differences in the relationship between NCR and CIMT by ethnic group. To our knowledge, this is the first study to show a unique relationship between a blunted NCR and CIMT in minority children. We also discovered that while the inflammatory factor IL-6 was higher in subjects with LOW NCR, the association between NCR and CIMT was independent of IL-6.
A blunted or flattened diurnal cortisol pattern from morning to evening has been associated with negative health outcomes in adult populations, including those with type 2 diabetes, cardiovascular disease, and stroke (Dekker et al., 2008; Kumari et al., 2011; Rosmond and Bjorntorp, 2000) . In a recent population study it is reported that in Caucasian adults, an increased bedtime cortisol and a flatter slope in cortisol across the day, but not morning cortisol or CAR, was associated with increased risk of cardiovascular disease mortality (Kumari et al., 2011) . Although the exact causes of a flattened diurnal cortisol curve have not been elucidated, Rosmond and Bjornthrop and others hypothesized that this might emanate from HPA exhaustion, possibly due to excessive psychosocial stress causing changes to circadian rhythms (Heim et al., 2000) . While the diurnal cortisol pattern is classically measured by taking cortisol readings throughout the day beginning in the morning and ending in the late evening (Kirschbaum and Hellhammer, 1989; Weitzman et al., 1971) , we measured salivary cortisol changes from nighttime nadir to morning. It is logistically more practical to collect at these times, requires fewer overall samples, and avoids the potentially confounding effects of daytime variability in meals and acute stressors that could affect cortisol levels at any given individual time point. In addition, the NCR would be expected to similarly capture the overall pattern of variation in daily cortisol levels, since intra-individual dayto-day cortisol pattern variability is fairly consistent (Edwards et al., 2001; Kirschbaum and Hellhammer, 1989; Ranjit et al., 2009; Weitzman et al., 1971) . In the present study, the association between a flattened NCR and higher CIMT thus supports findings in adults linking a blunted diurnal cortisol slope and overt cardiovascular disease. Flattened diurnal cortisol patterns have been found to be more common in certain populations, such as people who work night shifts and certain ethnic minority groups (Hajat et al., 2010) . It has been reported that African-Americans and Latinos have flatter diurnal cortisol slopes than their Caucasian counterparts . The same ethnic difference in diurnal cortisol patterns was also observed in a multi-ethnic community sample of adolescents (DeSantis et al., 2007) . DeSantis et al. (2007) theorized that exposure to psychosocial stress (such as racial discrimination) and the social environment of African-American and Latino children could well be contributing to these blunted cortisol responses. Together with the literature, our findings suggest that minority populations with blunted diurnal cortisol patterns may be at higher risk for subclinical atherosclerosis. Lack of an interaction between ethnicity and cortisol patterns in our subjects suggests the risk of blunted overnight cortisol pattern is the same in African American and Latino youth in terms of subclinical atherosclerotic disease. However, it is interesting to note that although ethnicity did not have an interactive role in NCR and CIMT, ethnicity was an independent predictor of CIMT, whereby African-American children had higher CIMT than Latino children. Although this was not surprising since it is well known that African-American adults have the highest CIMT compared to all other ethnicities or races, our paper is one of few (Li et al., 2007; Whincup et al., 2012) to confirm this in children.
Some investigators have shown relationships between other markers of HPA axis activity and CIMT, such as CAR in Peppa-Patrikiou et al., 1998) . In contrast, we found that morning salivary cortisol and a blunted nocturnal cortisol rise were the only HPA axis markers among those we assessed that were associated with elevated CIMT. Our finding that the morning salivary cortisol measure, and not the nocturnal salivary measure, was a correlate of CIMT implies that it is the early morning cortisol that is driving the NCR-CIMT relationship. A single salivary cortisol measure at awakening may therefore be sufficient to predict CIMT levels, which would be useful in future large scale studies where it may not be possible to obtain controlled overnight measures. Although we did not show any relationships between CIMT and other HPA measures in this study, we have previously shown that serum cortisol might also be a marker of altered HPA axis activity associated with other metabolic disease risk, such as metabolic syndrome (Weigensberg et al., 2008) and longitudinal declines in insulin sensitivity (Adam et al., 2010) . Our finding that salivary cortisol 0530 h and NCR were the only HPA measures associated with CIMT is consistent with Kumari's findings in adults, as well as with the general literature showing ''inconsistent'' links between various HPA biomarkers and disease outcomes (Dekker et al., 2008; Kumari et al., 2011; Vogelzangs et al., 2010) . Such apparent inconsistencies are likely the result of the innate complexities of the HPA axis, as well as variations in measurement protocols and study populations. High blood pressure has been shown to be related to both chronic psychosocial stress and elevated CIMT in adults and children and therefore could be an important confounder of HPA activity and cardiovascular risk. In a study of adolescents, systolic blood pressure reactivity was related to increased chronic stress and elevated CIMT (Low et al., 2009; Roemmich et al., 2011). Holt-Lunstad and Steffen (2007) showed that a decreased diurnal cortisol variation is associated with decreased diurnal variation of blood pressure, the latter of which is also associated with an increase in cardiovascular morbidity in adults (Ben-Dov et al., 2007) . It is unknown whether variations of nocturnal blood pressures patterns are relevant to health outcomes in children, but it has been suggested that a lack of nocturnal blood pressure decrease (or dipping) in young adults may indicate future cardiovascular risk (Parati et al., 1992) . While we did not find morning systolic blood pressure to be a predictor of CIMT in the present study, the study design did not include either stress-induced cardiovascular reactivity or nocturnal blood pressure tracking. Future studies should include these measures to fully elucidate the relationship between HPA axis activity, blood pressure, and cardiovascular risk in minority children.
Our exploratory aim was to examine the interrelationships of cortisol, inflammatory factors, and CIMT. CRP and TNF-a did not have any associations with cortisol measures or CIMT. The LOW NCR group had significantly higher IL-6 levels than did the HIGH NCR group (2.5 AE 0.4 vs. 1.7 AE 0.2 mg/dL, p = 0.04), but IL-6 was not related to CIMT ( p > 0.05). Although we did not have a large enough sample to do a full mediation analyses, adding IL-6 to our ANCOVA model did not alter the relationship between the blunted NCR and elevated CIMT. This does not preclude the notion of an inflammatory pathway mediating the observed relationship, since other inflammatory factors could play a role in this process, particularly cytokines related to vascular function, such as matrix metalloproteinase-9 (Szymanowski et al., 2011) . Given the role of cortisol in modulating immune system function (Desantis et al., 2012) , further study of obesity-related inflammatory factors in the context of HPA activity and their contribution to sub-clinical atherosclerosis risk are warranted.
The novelty and strength of this study is that no literature currently exists showing a relationship between a blunted nocturnal salivary cortisol rise and CIMT in any pediatric population. Our study population is composed of a homogenous group of understudied, high disease risk children, which allows us to examine the degree of risk imparted by alterations in cortisol measures above and beyond body fat in those youth most at risk for cardiometabolic disease. Several limitations must also be discussed. First, it is important to point out that the study's cross-sectional design limits our Figure 2 CIMT estimated marginal means (EMM) AE SE are shown and are adjusted for age, height, total percent body fat, ethnicity, and systolic blood pressure. ability to discern any causative effects of nocturnal cortisol patterns and sub-clinical atherosclerosis. Next, the pediatric cohort used for this analysis was composed of overweight and obese African-American and Latino children that were recruited primarily for the purpose of studying ectopic fat deposition and type 2 diabetes risk in minority youth (Toledo-Corral et al., 2013) . This study design imposed many limitations for the current analysis addressing the study of HPA activity. First, the participants were from the inner city of Los Angeles, representative of communities with increased exposure to stressful situations, such as low SES and higher crime rates compared to the rest of Los Angeles County. Hence, our results cannot be generalized to other SES populations. Second, our sample was composed only of overweight and obese, minority children and adolescents. Future investigations would benefit from a broader sampling approach to include adolescents across all BMI percentiles and to include other ethnic groups for comparison of cortisol patterns and sub-clinical atherosclerosis risk. Thirdly, our sample is composed solely of two minority populations, African-American and Latino, precluding ethnic comparisons to non-minority populations. Another limitation of the study design was that it only allowed for salivary cortisol measures during one night to morning, 8-h cycle. Salivary cortisol data are typically collected over 24-h periods for multiple days to assess an average diurnal cortisol slope (Viardot et al., 2005) . Measurement of CAR is particularly subject to situational changes in stress state, and measurement on at least 2 separate days is generally used to determine trait status (Hellhammer et al., 2007) . However, our protocol involving very standardized procedures and sampling techniques during a controlled overnight environment may have eliminated many of the confounding variables that lead to state changes in cortisol patterns found during outpatient collection protocols (Hellhammer et al., 2007) . It may be that determination of NCR may be adequate to capture the overall degree of variation in daily cortisol levels, since intra-individual daily cortisol patterns are fairly consistent (Edwards et al., 2001; Kirschbaum and Hellhammer, 1989; Viardot et al., 2005; Weitzman et al., 1971) . Future studies investigating HPA activity and metabolic status in youth should ideally include cortisol collections over the full 24-h period on several different days to allow direct comparison between NCR and daytime cortisol slope as measures of HPA activity.
In conclusion, we have found that overnight rise in salivary cortisol and morning salivary cortisols were negatively related to CIMT, a measure of subclinical atherosclerosis, in African-American and Latino youth who are overweight and obese. This relationship was independent of traditional risk factors including age, height, total percent body fat, ethnicity, systolic blood pressure, as well as inflammatory cytokines. As a secondary finding, while African-American ethnicity was an independent predictor of CIMT, ethnicity did not alter the relationship between NCR and CIMT. Our data are consistent with the theory that chronic psychosocial stress may result in a blunted nocturnal cortisol rise and increased risk for atherosclerosis in overweight and obese minority youth. Future studies should attempt to further clarify the relationships between subjective stress, diurnal cortisol patterns, and cardiovascular and metabolic risk in adolescents, which would validate development of stress-reduction interventions aimed at decreasing cardiovascular disease risk in overweight and obese youth.
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